Background: Major depressive disorder (MDD) is related to human's immune status, and immunological indicators such as mitogen stimulated cell proliferation and cytokines may become candidate biomarkers for disease diagnosis. Methods: One hundred diagnosed major depressive disorder subjects and 100 health controls were enrolled in this study. Phytohaemagglutinin and lipopolysaccharide stimulated cell proliferations and cytokine concentrations were detected in peripheral blood mononuclear cells from both groups. The corresponding stimulated responses were conducted and confirmed in chronic unpredictable mild stress (CUMS) mice.
Background
Major depressive disorder (MDD) is a mental illness affective disorder, differing levels of symptomatic severity, and leading self-harm and suicide attempts [1] . With the increasing pressure in work and live, the incidence of MDD is keeping increasing every year, and the World Health Organization (WHO) predicted that the incidence will reach to 10% of the total population by 2020 and become the second most common disease of the world.
MDD is a complex disorder with multiple mechanisms. In general consideration, biochemical, neurochemical, genetic, social environmental, even microecological factors are involved in the progression of depression, however, its real cause and pathogenesis remains unclear [2] . There are close links between the outbreak of MDD and immune factors such as cytokines and other immune regulatory molecules. For example, Harison [3] revealed the depression-like behavior is closely related to the changes of cytokines concentration.
To evaluate the immune status in MDD patients, here we analyzed the peripheral blood mononuclear cells (PBMCs) cytokine production and cell proliferation stimulated by mitogen lipopolysaccharide (LPS) and phytohemagglutinin (PHA). At the same time, we created a chronic unpredictable mild stress (CUMS) mouse model to illustrate the corresponding cytokine responses from mouse splenocytes stimulated by mitogen LPS and PHA. Compare to many other alternatives, CUMS method is closer to the natural course of development of depression.
Methods
Specimen collection and PBMCs separation, culture and mitogen stimulating
One hundred MDD patients were recruited in this study. They were defined according to the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) (American Psychiatric Association, 1994) and 17-items Hamilton Depression Rating Scale (HAM-D) scales ≥23. Another 100 healthy people were from the health examination center without any personal or family history of psychiatric disorders. Subjects having current infections, or a present and past history of autoimmune disorders that might influence the inflammatory states were excluded.
We collected peripheral blood samples in 4 ml ethylenediaminetetraacetic acid (EDTA) tubes and transported to the lab at room temperature within 30 min. The plasma was obtained by blood centrifugation at 1500×g for 7 min and kept frozen at − 80°C. The PBMCs were isolated using density gradient centrifugation through Ficoll-Hypaque. The PBMCs were suspended in RPMI 1640 medium, containing L-glutamine 1% and antibiotics (penicillin 100 U/ ml-streptomycin 100 μg/ml) with 10% heat-inactivated fetal calf serum, seeded in 12 well cell culture cluster and cultured with 100 ng/ml LPS or 10 μg/ml PHA respectively at 37°C in a humidified 5% CO 2 cell culture incubator. Cells and supernatants were collected separately 48 h later, aliquoted, and stored at − 80°C before use.
MTT colorimetric assay
MTT cell proliferation and cytotoxicity assay kit (Beyotime Biotechnology, Shanghai, China) was used in this study for the cell proliferation assay of PBMCs stimulated by LPS and PHA. The human PBMCs were resuspended to a concentration of 2 × 10 4 cells/mL. A 100 μL aliquot containing 2 × 10 3 cells was added immediately to each well of a 96-well flat bottom microtitre plate in triplicate. LPS or PHA were added to the wells to the final concentration of 100 ng/ml (LPS) and 10 μg/ml (PHA). After a period of 72 h incubation at 37°C in 5% CO 2 , PBMCs proliferation was assayed with MTT kit.
Elisa
The PBMCs cytokine (IL-1α, IL-2, IL-6, IL-10, TNF-α, and IFN-γ) concentrations were determined by a sandwich enzyme-linked-immunosorbent assay using a commercially available kit (Beijing 4A Biotech Co., Ltd. China).
Chronic unpredictable mild stress (CUMS) model and its verification
Twenty male Balb/c mice from Shanghai Laboratory Animal Co. Ltd.(Shanghai, China) were used to verify the cytokine production of MDD patients in this study. All animals were comfort feeding at 19-21°C except the special requirement in CUMS group. After 1 week of acclimatization, equal amount of mice were randomly sorted into CUMS and control groups respectively. Next, CUMS mice were subjected to various and repeated unpredictable mild stressors for a period of 4 weeks [4] . Mice in the control group were also single housed and were provided with standard daily care.
Tail suspension test and forced swim test were used to confirm the depression status of CUMS mice [5] . Immobility time was detected in these two tests and touch times and swim distance were measured in forced swim test.
Mitogen stimulated splenocyte proliferation and cytokine production in CUMS model
On the day after the tail suspension test and forced swim test, all the mice in CUMS group and control group were euthanized by CO 2 inhalation or cervical dislocation, and their splenocytes and peripheral plasma were collected for mitogen stimulated splenocyte proliferation and cytokine production tests. The procedures of cell culture, stimulating, and cytokines measure methods were the same as those used in human specimens except using mouse cytokine ELISA kits (Beijing 4A Biotech Co., Ltd. China). All subjects were measured three times on the same day.
Statistical analysis
Demographic and clinical variables of the patient and healthy control groups were analyzed by t-test for continuous variables and chi-squared for discrete variables. The statistical software SPSS17.0 was used in this study. Data were presented as means ± SD. Differences at p < 0.05 were considered significant.
Results

Demographic data
The demographic data of MDD patients and control subjects in this study were showed in Table 1 . There was no difference in gender, age, BMI and education years between these two groups.
MTT colorimetric assay and cytokine levels in mitogen stimulated PBMCs systems and peripheral plasma MTT test was used to detect the stimulating effects on human PBMCs by LPS and PHA. The proliferation ratio (test / control) analyzed at 570 nm with ELISA reader are shown in Fig. 1 . The LPS stimulating effects on PBMCs proliferation in MDD group were significantly lower than those in control group. For the PHA stimulating assay, there was no significant differences between the proliferation rate in the two groups.
Double antibody sandwich ELISA kits were used in this study to evaluate various cytokine concentrations in each group. As shown in Fig. 1 , when the PBMCs were stimulated by LPS, there was lower TNF-α in MDD group than those in control group, while no difference in IL-1α, IL-2, IL-6, IL-10, and IFN-γ between the two groups. In PHA stimulated branch, lower IL-2 and IL-10, rather than IL-1α, IL-6, TNF-α, and IFN-γ were detected in MDD group than those in control group. For the cytokine production in peripheral plasma, more IL-6 and IL-10 and less IL-2 were found in MDD group than control group.
Behavioral verification and mitogen stimulated splenocyte proliferation and cytokine production in CUMS model Motion times were detected in tail suspension test and forced swim test, touching wall times and swimming distances were used to evaluate MDD model in forced swim test too. As shown in Fig. 2 , motion time and swimming time, touching wall times and swim distances were significantly decreased in CUMS mice than those in control group.
In splenocyte proliferation and cytokine production in CUMS tests, we found a lower splenocyte proliferation in LPS stimulated CUMS mice. In mitogen stimulated cytokine detections, there were lower IL-1α and higher IL-6 in LPS stimulated splenocytes in CUMS mice as compared with control group (Fig. 3) . There was no difference in cytokines production of peripheral plasma and splenocyte stimulated by PHA between the two groups. 
Discussion
The immune system plays an important role in the development of depression. There is a lot of evidence that immune dysfunction is involved in the pathogenesis of MDD [6] . The relevant conclusions came from two fields: the relationship between inflammatory signaling and cytokines in the pathogenesis of MDD, and the improvement of the therapeutic effect and prognosis with the adjunctive treatment using anti-inflammatory drugs to improve the therapeutic effect [7, 8] . Among the numerous immune related indicators, it showed that cytokine-mediated immune dysfunction and pro-inflammatory cytokines have an effect on the pathogenesis of MDD [9] . In this study, PBMCs proliferation assays along with LPS and PHA were used to describe the immune responses to mitogen LPS and PHA. PHA and LPS are the most classical mitogens targeting T and B cells respectively. They have no antigen specificity for cell activation, and mainly reflecting the overall immune response of cells and individuals. In LPS stimulation branch, the MDD group showed a lower proliferation compared to the control group, while there was no difference in the PHA effects between MDD group and the control group in the PHA branch. Mitogen LPS and PHA stimulating assay can discover the whole immune response and proliferation levels of the B and T lymphocyte. These indicators can also help to understand the courses and outcomes of psychiatric disorders including MDD [10] . Here we found the B cell related immune proliferations were impaired in MDD patients. B cell counts was found to be diminished in Pavon's study [11] , it seems that B cell proliferation may be diminished with the interactions between neuroendocrine and immune systems in MDD patients. Here the LPS-stimulating PBMCs showed lower TNF-α in MDD group than those in control group. This lower TNF-α was found in a depressive status of systemic lupus erythematosus [12] . As a major component of environmental and pathogenic microbial products, LPS can not only drive differential T cell polarization but also activate B cells and other antigen presenting cells [13] . A low LPS response level may be understood as a change on body's immune response ability against bacterial infections or other bacterial related chronic inflammation [14] . We showed that decreased PHA-stimulated IL-2 and IL-10 production in MDD group than control group. IL-10 is a cytokine secreted by Th2-type cells, which suppressed Thl-type cytokines' mRNA transcription, inhibited the cellular immune response. We also found that decreased LPS-stimulated TNF-α production in MDD group compared to control group. Th1 and Th2 immune cells maintain human's normal immune function exist in the human body with its relatively balanced ratio and maintain the body's normal immune function. This balance may take on a unique role in the development of MDD and other psychiatric disorders [15] . In the present study, we detected the expression of classical Thl type cytokines by IL-2, IFN-γ and TNF-α, the expression of classical Th2 type cytokines by IL-10 [16] . We found a great degree of cytokine reductions in Th2 cells than those in Th1 cells. It demonstrated that Thl response in MDD patients displayed a dominant state relatively. The different immune states may help differentiated the syndrome of major depression [17] . The ratio of Th1/Th2 balance appeared a shift to Th1 cells in MDD patients. In view of the fact that some antidepressants can move the Th1/Th2 balance to Th2 response [18] , it is necessary to study the mechanism of this state of shift, so that we can selective adjustment this balance, which may reverse the drift of the state, so as to achieve the treatment purpose of MDD patients. In addition, TNF-α, INF-γ, IL-2, and IL-6 were defined as inflammatory cytokines, while IL-10 was considered as anti-inflammatory cytokines or autoimmune cytokines. Overall, our cytokine data did not show the classic inflammatory response in MDD patients. Maybe MDD or some other mental illnesses can not be simply regarded as an inflammation similar to bacterial infections.
Here we successfully created a CUMS model and detected the immune factor changes in it. There was a lower splenocyte proliferation in LPS stimulated CUMS mice compared to control group. We found lower IL-1α and higher IL-6 in LPS stimulated splenocytes in CUMS mice compared with control group. As an amyloid inducer, higher IL-1α can improve the amyloid production. This result might indicate that a relatively short duration of adverse stimuli is not sufficient to a fully mimic chronic onset of MDD [19] . We didn't find any difference in PHA stimulated splenocytes and peripheral plasma between CUMS mice and control mice.
Most of psychiatric disorders are related to human immune system and the regulations and interactions between those cytokines and immune molecules [20] . In fact, there are extensive interactions between different immune molecules and neurotrophic factors. Müller et al. have found pro-inflammatory cytokines activate indoleamine 2,3-dioxygenase (IDO) [21] , which is an important component in regulate the metabolism of tryptophan (TRP) [22] . Owing to the catabolism of TRP, it induces a halt in the lymphocyte cell cycle and control the proliferation of lymphocyte. Our research is more focused on MDD patients with a chronic course of illness, which may support Müller's conclusion in aspect of immune state. Here we detected a series of changed factors in LPS stimulated PBMCs, PHA stimulated PBMCs, and plasma in MDD patients and in CUMS mice respectively. These changes might be combined with neural factors and become future biomarkers for MDD diagnosis and course monitoring.
In fact, MDD is not only a severe psychiatric syndrome itself, but also an important hazard that affects the diagnosis, treatment and progression of other diseases [23] . MDD is not an simple inflammation similar to bacterial infections, its parameters should be a reasonable combination or formula operation of several factors. In addition to scale assessment, imaging features, blood transcriptome and proteome [24] , brain-gut-axis and intestinal microflora [2] , together with immune and nerve-humoral parameters should be ideal candidates in the coming combination or pattern [25] .
Conclusions
Lower LPS stimulated cell proliferation were confirmed in MDD patients PBMCs and CUMS mice splenocytes. Further studies should focus on how to use the immune disorder to evaluate and supervise the efficacy and disease outcomes in MDD patients. 
